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SICKLE-CELL  TRAIT  AS  A  RISK  FACTOR  FOR  SUDDEN  DEATH  IN  PHYSICAL  TRAINING 

John  A.  Kark,  M.D..  David  M.  Posey,  M.D.,  H  AROI.D  R.  ScHl'MACHER,  M.D.. 
and  Charles  J.  Riehi.e,  M.D. 


Abstract  Case  reports  of  sudden  death  during  exertion 
have  not  established  an  association  between  the  sickle¬ 
cell  trait  (hemoglobin  AS)  and  exercise-related  death.  To 
test  this  association,  all  deaths  occurring  among  2  million 
enlisted  recruits  during  basic  training  in  the  U  S.  Armed 
Forces  in  1977  to  1981  were  classified  from  autopsy  and 
clinical  records  as  non-sudden  deaths  or  as  sudden 
deaths  explained  or  unexplained  by  preexisting  disease.-K 
On  the  basis  of  known  numbers  of  entering  recruits  (ac¬ 
cording  to  race,  age,  and  sex)  and  published  prevalence 
rates  for  hemoglobin  AS  (8  percent  for  black  and  0.08 
percent  for  nonblack  recruits),  death  rates  (per  100,000) 
were  32.2  for  sudden  unexplained  deaths,  2.7  for  sudden 
explained  deaths,  and  0  for  non-sudden  deaths  among 
black  recruits  with  hemoglobin  AS,  as  compared  with  1 .2, 

THE  sickle-cell  trait  has  been  regarded  as  a  risk 
factor  for  sudden  death  during  exertion,  because 
of  reports  of  single  cases  and  small  clusters  of  cases  in 
which  the  hemoglobin  AS  phenotype  was  associated 
with  sudden  fatal  or  severe  illness  during  exertion, 
especially  in  military  basic  training.1'1'  Most  of  these 
patients  had  exertional  rhabdomyolysis,  heat  stroke, 
or  heat  stress  with  acute  renal  failure,2'1'2  although 
a  few  died  before  diagnostic  evaluation  was  possi¬ 
ble.11  1,1  However,  more  deaths  related  to  heat  expo¬ 
sure  during  exertion  or  to  rhabdomyolysis  have  been 
reported  in  members  of  the  military  or  athletes  who 
did  not  have  hemoglobin  S.211'2"  Since  there  is  no 
means  of  distinguishing  histologically  between  incon¬ 
sequential  postmortem  sickling  and  serious  antemor¬ 
tem  vascular  obstruction  by  sickled  erythrocytes,  the 
only  way  to  determine  whether  hemoglobin  AS  is  truly 
associated  with  death  in  such  cases  would  be  to  estab¬ 
lish  that  the  sickle-cell  trait  posed  an  increased  risk 
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1.2,  and  0.7  among  black  recruits  without  hemoglobin  S 
and  0.7,  0.5,  and  1.1  among  nonblack  recruits  without 
hemoglobin  S.  Among  black  recruits  the  relative  risk  of 
sudden  unexplained  death  (hemoglobin  AS  vs.  non-hemo¬ 
globin  S)  was  27.6  (95  percent  confidence  interval,  9  to 
100;  P<0.001),  whereas  among  all  recruits  tnis  risk  was 
39.8  (95  percent  confidence  interval,  17  to  90;  P<0.001). 
The  relative  risk  of  sudden  unexplained  death  among  all 
recruits  increased  with  age  (P<0.04),  from  13  (ages  17  to 
18)  to  95  (ages  26  to  30). 

-i?We  conclude  that  recruits  in  basic  training  with  the 
sickle-cell  trait  have  a  substantially  increased,  age- 
dependent  risk  ot  exercise-related  sudden  death  unex¬ 
plained  by  any  known  preexisting  cause.  JN  Engl  J  Med 
1987;  317:781-7.) 

I  , ,  •  (  .  ' 

of  death  during  comparable  exposures.'  ''1'’  The  in¬ 
creased  risk  of  mortality  associated  with  hemoglobin 
AS  was  discussed  in  two  reports  describing  spatial  and 
temporal  clusters  of  cases  with  this  association. 1  h 
However,  study  ing  unusual  single  case  clusters  can 
lead  to  biased  estimates  of  disease  risk.  T  hree  series  of 
cases  of  sudden  unexplained  death  among  militarv 
men  with  the  sickle-cell  trail,  collected  from  the  Au¬ 
topsy  Registry  of  the  Armed  Forces  Institute  of  Pa¬ 
thology  (AEIP)  (Washington,  D.G.),  have  been  cited 
by  Diggs.1'1  These  data,  which  were  not  reported  in 
peer-reviewed  journals,  provide  no  population  base 
for  calculation  of  death  rates. 

We  investigated  the  risk  of  sudden  death  in  compa¬ 
rable  populations  with  and  without  hemoglobin  AS 
who  experienced  similar  physical  stress,  by  examining 
all  deaths  occurring  during  basic  training  of  enlisted 
recruits  in  the  U.S.  Armed  Forces  from  1977  to  1981. 
The  number  of  recruits  according  to  race,  age,  and  sex 
was  known,  and  the  frequency  of  hemoglobin  AS  was 
estimated  with  use  of  well-established  prevalence 
rates  among  American  recruits.  All  natural  deaths 
during  basic  training  were  investigated  by  means  of  a 
critical  review  of  clinical  data,  eyewitness  accounts, 
and  autopsy,  which  included  performance  of  hemo¬ 
globin  electrophoresis  if  the  recruit  was  black.  Deaths 
were  classified  on  the  basis  of  sudden  or  non-sudden 
onset  and  the  presence  or  absence  of  a  likrlv  preexist¬ 
ing  cause  fot  death.  This  report  presents  estimates  of 
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natural  death  rates  among  subjects  with  and  without 
the  sickle-cell  trait,  examines  the  ell’ect  of  age  on  the 
mortality  risk,  and  notes  tlie  association  of  hemoglo¬ 
bin  AS  with  deaths  of  sudden  onset  during  exertion 
that  were  unexplained  by  a  predisposing  cause. 

Methods 

Study  Population 

Hie  studv  population  consisted  of  all  enlisted  recruits  17  to  :H 
vears  old  who  entered  basic  training  in  the  period  from  January  I, 
19/7.  th rout’ll  Deeeinher  31.  1981  Data  on  the  recruits  were  ob¬ 
tained  from  the  Defense  Manpower  Data  Center  (Monterev.  Calif) 
and  Accessions  Operations.  Department  of  Defense  (Washington. 
D.C.i.  Annual  rates  of  entry  of  black  and  nonhlack  recruits  were 
subdivided  according  to  sex  and  age.  The  totals  of  these  recruits 
were  known  with  at  least  1  percent  accuracy  for  the  Regular  Armed 
Forces  components  and  with  a  percent  accuracy  lor  tlu  active  Re¬ 
serve  Armed  Forces  components  1 2(1  percent  of  the  total).  Published 
studies  of  American  military  recruits  have  reported  that  the  preva¬ 
lence  oi  hemoglobin  AS  was  8  percent  among  20.000  black  re* 
emits-1  “  and  0.08  percent  among  10.000  non bl.u  k  recruits. Simi¬ 
lar  prevalence  rates  have  been  reported  for  American  civilians.  ’ ‘  '7 
These  rates  were  used  to  calculate  the  numbers  of  black  and  non- 
black  recruits  in  the  studs  population  who  had  hemoglobin  AS 
Basic  mihtars  training  lasted  8  to  II  weeks  twith  rare  exceptions), 
depending  on  the  branch  of  service. 

IdentificaPon  of  Deaths  and  Records 

1  be  records  of  all  deaths  during  the  period  1077-1081  among 
.ulive-duiv  or  retired  enbsted  personnel  17  to  31  vears  old  were 
obtained  Irotn  autopsy  files,  morgue  logs,  patient  administration 
fih"'.  and  patient  administration  logs  of  the  17  hospitals  serving  the 
15  basic-training  centers  for  recruits.  Personnel  w  ho  had  been  trans¬ 
ferred  to  civilian  facilities  for  medical  care  or  autopsv.  which  rarclv 
happened,  were  identified  in  the  logs  of  the  miiitan  hospitals  and 
their  recoids  were  obtained  It  hospital  records  were  missing,  copies 
were  obtained  from  the  Autopsy  Registry  of  the  AFIP  and  the 
National  Personnel  Records  Center  iSt.  Louis). 

I  he  military  service  records  were  used  to  determine  which  deaths 
bad  oc  curred  among  recruits  during  basic  training.  Deaths  of  re¬ 
tired  enlisted  personnel  w  ere-  examined  to  determine  w  hether  retire¬ 
ment  occurred  during  hospitalization  due  to  recruit  training.  The 
accuracy  of  case  identification  was  confirmed  bv  review  ing  records 
in  data  liases  maintained  by  the  Defense  Manpower  Data  Center 
C Monterey.  Calif),  the  National  Personnel  Records  Center,  the 
Naval  Medical  Data  Services  (Bethesda.  Md).  and  the  Patient 
Administration  Systems  and  Biostatisiics  Activity  (Fort  Sam  Hous¬ 
ton.  lex.). 

Military  hospitals  routinely  conduct  a  comprehensive  studv  of 
natural  deaths  ol  recruits,  which  are  always  unexpected  deaths. 

I  hrse  investigations  use  the  following  records,  sought  for  each  sub¬ 
ject  in  this  study:  1 1 1  the  death  certificate.  (2)  the  complete  autopsv 
protocol  with  toxicology  reports,  (3)  the  AFIP  autopsy  consultation, 

1  b  the  clinical  records  (including  the  military-entry  medical  exami¬ 
nation.  outpatient  clinic  records  of  recruits  in  basic  training,  and 
ambulance  and  hospital  records  of  the  fatal  illness),  (5)  the  service 
record,  and  (6)  the  report  of  the  investigation  into  the  circum- 
stames  of  the  death,  w  hich  includes  a  critical  search  for  undisclosed 
previous  medical  history  and  eyewitness  accounts  of  the  events  sur¬ 
rounding  the  fatal  illness. 

•Sixty-three  of  80  deaths  in  the  recruit  population  were  considered 
t«<  b«-  natural.  The  autopsy  protocol  was  reviewed  in  classifying  all 
deaths  except  that  of  one  subject  dying  with  meningitis,  in  whom 
autopsy  was  not  performed.  One  black  recruit  who  died  of  acute 
complications  ol  sickle  c  ell  disease  was  excluded  from  the  studv. 
Hospital  and  c  linical  records  were  reviewed  for  60  of  the  63  deaths. 

I  he  four  deaths  for  which  autopsy  or  hospital  records  were  missing 
all  occurred  among  nonhlac  k  recruits  without  hemoglobin  S.  The 
Al‘  IP  autopsy  consultation  was  reviewed  for  the  51  eases  that  were 
submitted  to  the  AFIP  Autopsy  Registry.  Eyewitness  accounts  were 
known  to  the  autopsy  prosec  tor  for  all  cases  of  sudden  death,  except 


for  one  unwitnessed  death  during  sleep,  and  weir  available  to  the 
study  investigators  lor  35  of  12  sudden  deaths 

Classification  of  the  Manner  and  Cause  of  Death 

The  investigators  critically  reviewed  each  case  in  older  to  select 
natural  deaths  and  to  exclude  deaths  due  to  accident,  suicide, 
or  homicide,  lu  contrast,  to  tlu*  situation  in  most  sudden  deaths 
among  civilians,'*8'  *"  immediate  cardiopulmonary  resuscitation, 
rapid  transport  by  ambulance,  and  institution  of  liie  support  on  an 
intensive  care  unit  were  routinely  provided  to  recruits  collapsing  at 
miiitan  training  sites.  Sudden  natural  death  was  therefore  defined 
as  death  due  to  an  illness  producing  an  irreversible  critical  condition 
within  one  hour  of  onset.  This  definition  included  cases  in  which 
survival  was  extended  by  the  continuous  use  of  life-support  system. 
Sudden  deaths  were  further  divided  into  those  thought  to  be-  ex¬ 
plained  or  unexplained  by  a  known  preexisting  cause.  Important 
attributed  causes  for  such  explained  deaths  in  young  adults  arc- 
silent  structural  heart  disease,  epilepsy,  intracranial  bleeding,  asth¬ 
ma.  medications,  and  drug  abuse.-11  51  The  present  collection  of 
cases  was  similar  except  for  the  absence  of  deaths  attributed  to 
epilepsy,  medications,  or  drug  abuse.  Sudden  unexplained  deaths 
included  those  due  to  exertional  heat  stress,  heat  stroke,  or  rhabdo- 
myolysis.  as  well  as  those  in  which  the-  mechanism  was  completely 
unknown,  which  are  generally  classified  as  cardiac  deaths. 11  The 
remaining  deaths  with  slower  onset  were  classilied  as  non-sudden 
natural  deaths.  Causes  of  these  deaths  in  the  study  population  in¬ 
cluded  pneumonia,  meningitis,  viral  infections,  structural  heart  dis¬ 
ease.  and  systemic  diseases  missed  during  the  physical  examination 
tit  entry,  which  are  similar  to  causes  reported  previously  for  voung 
American  adults.'*8*” 

Diagnosis  of  the  Sickle-Cell  Trait 

Testing  for  hemoglobin  AS  was  performed  and  the  results  were 
reported  during  the  acute  illness  or  post  mortem  in  all  26  black 
recruits  with  natural  deaths,  but  only  3  of  36  nonblack  recruits  with 
natural  deaths.  The  histologic  findings  were  reviewed  for  xickled 
erythrocytes  in  all  cases  submitted  with  tissues  or  slides  to  the 
AFIP.  The  results  of  routine  screening  of  black  recruits  for  hemo¬ 
globin  S  at  entry  into  the  Navy  and  Air  Force  were  recorded  in  the 
medical  records  when  positive.  All  subjec  ts  with  the  sickle-cell  trait 
were  identified  both  by  the  finding  of  sickling  morphology  post 
mortem  and.  more  important,  by  hemoglobin  electrophoresis  on 
c  ellulose  acetate  at  an  alkaline  pH  consistent  with  the  hemoglobin 
AS  genotype  —  i.t\.  less  than  50  percent  hemoglobin  S.  more  than 
.50  percent  hemoglobin  A.  and  normal  levels  of  hemoglobin  A-.  and 
hemoglobin  F.  In  addition,  we  required  that  pathological  examina¬ 
tion  of  the  spleen  not  show  evidence  of  chronic  hemolvlic  am  him  oi 
prior  infarction  due  to  sickling.1-’  n 

Statistical  Analysis 

In  computing  death  rate's  and  relative  risks,  the  ac  tual  numbers 
of  recruits  were  used.  Death  rates  (per  100.001)  recruit  entries)  were 
computed  for  the  categories  of  death  (non-sudden,  sudden  ex¬ 
plained.  and  sudden  unexplained)  among  subgroups  defined  bv 
race  (black  vs.  nonblack)  and  by  the  presence  or  absence  of  the 
sickle-cell  trail  (hemoglobin  AS  vs  non-hemoglobin  S).  In  oiclei 
to  test  the  possible  association  between  hemoglobin  AS  and  risk 
ol  mortality,  the  relative  risk  lor  each  category  of  death  (sudden 
death  [explained  and  unexplained [.  non-sudden  death,  and  natural 
death)  was  calculated  as  the  death  rale-  lot  a  hemoglobin  AS  group 
defined  by  race  (black,  nonblack,  and  all  races)  dividrd  bv  the  death 
rate  for  I  lie  corresponding  non-bemoglobin  S  racial  group.1’  To 
examine  the  risk  associated  with  race  alone,  relative  risks  were  also 
calculated  for  each  category  of  death,  by  dividing  the  death  rate  for 
the  black  group  without  hemoglobin  S  by  the  death  rate  lav  the 
nonhlac  k  group  without  hemoglobin  S.  Assuming  that  the  number 
of  deaths  followed  Poisson  distributions  (the  small-rale  assump¬ 
tion),  significance  tests  for  the  difference  in  death  rates  and  95  per¬ 
cent  confidence  intervals  for  relative  risks  were  obtained  with  the 
exact  conditional  method.  For  observed  relative  risks  of  /cm.  an 
upper  97.5  percent  confidence  interv  al  was  calc  ulated.  All  stated  P 
values  are  two-sided.  The  attributable  risk  (or  risk  difference)  of 
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Orach  as  related  to  hemoylnhin  AS  was  ealeulated  as  the  deatlt  rale 
lor  black  recruits  with  lirninqloltiii  AS  it..nus  the  death  rale  lor 
black  recruits  without  hemoglobin  S. 1  ’ 

1  he  ellect  of  age  on  the  relative  risk  of  death  in  relation  to  hemo¬ 
globin  AS  was  examined  by  stratifying  death  rates  according  to  age, 
using  lir  e  groups  with  approximately  equal  numbers  of  cases  with 
hemoglobin  AS.  The  age  distribution  of  black  and  noiiblaek 
recruits  (obtained  from  tile  Defense  Manpower  Data  Center) 
showed  little  difference  between  these  racial  groups  (5  percent  more 
nonblacks  in  the  youngest  group,  aged  17  to  18.  and  less  than  a  '2 
percent  difference  in  all  older  age  groups).  Age-specilic  death  rates 
were  calculated  under  the  assumption  that  recruits  with  hemoglo¬ 
bin  AS  bad  the  same  age  distribution  as  those  without  hemoglo¬ 
bin  S.  I  his  assumption  is  supported  by  reports  of  a  similar  preva¬ 
lence  ol  hemoglobin  AS  among  American  black  populations  of 
different  ages-1  and  by  reports  of  a  nearlv  constant  prevalence  of 
hemoglobin  AS  with  aging.  -i: -m  Trends  in  relative  risk  with  age 
were  examined  w  ith  the  maximum-likelihood  method  for  testing  a 
common  relative  risk  against  a  trend.*'' 

Results 

The  distribution  of  the  62  natural  deaths  of  recruits 
during  military  basic  training  ( 1977  to  1981 )  is  shown 
in  Table  1  according  to  hemoglobin  phenotvpe  (hemo¬ 
globin  AS  vs.  non-hemoglobin  S),  race  (black  vs.  oth¬ 
er).  and  category  of  death.  Thirteen  recruits  with  he¬ 
moglobin  AS  died  during  basic  training.  All  were 
black,  and  all  had  sudden  deaths  related  to  exercise. 
Twelve  deaths  were  classified  as  unexplained,  and  one 
as  explained.  Forty  of  the  42  sudden  deaths  (both 
explained  and  unexplained)  among  the  entire  recruit 
population  were  closely  associated  with  exercise,  pre¬ 
senting  as  collapse  during  or  closely  following  exer¬ 
cise.  The  other  two  deaths  occurred  in  nonblack 
recruits  without  hemoglobin  S;  one  died  from  aller¬ 
gic  epiglottitis  and  the  other  was  found  dead  in  bed. 
Thirty-five  sudden  deaths  related  to  exertion  occurred 
during  scheduled  military  training,  three  during  stren¬ 
uous  activity  in  the  first  few  days  at  the  training  camp 
before  the  start  of  formal  physical  training,  and  the 
remaining  two  during  recreational  athletics.  The  pro¬ 
portion  of  women  was  similar  in  the  total  recruit  pop¬ 
ulation  ( 12  percent),  the  group  with  sudden  deaths  ( 12 
percent),  and  the  group  with  sudden  deaths  who  had 
hemoglobin  AS  (15  percent).  Sudden  unexplained 


Table  1.  Distribution  of  Deaths  during  Basic  Training  (1977- 
1981),  According  to  Hemoglobin  Phenotype,  Race,  and 
Category  of  Death. 
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Figure  1 .  Annual  Incidence  of  Sudden  Death  among  Enlisted  Re¬ 
cruits  during  Military  Basic  Training. 

Values  are  the  numbers  of  deaths  per  100,000  recruits  in  subjects 
with  hemoglobin  AS  (solid  bars)  and  those  without  hemoglobin  S 
(hatched  bars). 

deaths  could  be  divided  into  those  with  no  known 
mec  hanism  (sudden  unexplained  cardiac  deaths)  and 
those  due  to  heat  stroke,  heat  stress,  or  exertional  rhab- 
domyolysis  (or  any  combination  of  these  three  syn¬ 
dromes).  Within  the  category  of  sudden  unexplained 
deaths,  the  unexplained  cardiac  deaths  accounted  for 
5  of  12  deaths  among  black  recruits  with  hemoglobin 
AS,  4  of  5  deaths  among  black  recruits  without  hemo¬ 
globin  S,  and  6  of  1  1  deaths  among  nonblack  recruits 
without  hemoglobin  S.  Annual  rates  for  sudden  death 
per  100,000  recruits  did  not  exhibit  any  consistent 
trend  during  the  five-year  period  studied  (Fig.  I) 
Table  2  summarizes  the  death  rates  for  subjects 
with  and  without  hemoglobin  AS  and  compares  the 
relative  risk  related  to  hemoglobin  AS  among  black 
recruits  and  among  recruits  of  all  races.  Among  black 
recruits,  the  relative  risk  of  sudden  unexplained  death 
was  27.6  (95  percent  confidence  interval,  9  to  100). 
with  no  significant  inc  reased  risk  of  sudden  explained 
death  or  non-sudden  death.  The  increased  relative- 
risk  of  sudden  death  or  natural  death  was  due  to  the 
large  contribution  of  sudden  unexplained  deaths  (in 
12  of  18  recruits  with  hemoglobin  AS).  There  were  no 
deaths  in  the  small  group  of  nonblack  recruits 
with  hemoglobin  AS.  The  corresponding  relative  risks 
among  the  nonblack  groups  were  till  zero,  and  the  95 
percent  confidence  intervals  were  broad,  extending 
from  0  to  at  least  800  (data  not  shown).  Among  re¬ 
cruits  of  all  races  ( 'Table-  2).  the  relative  risk  of  sudden 
unexplained  death  was  89.8  (95  percent  confidence 
interval,  I  7  to  90).  Again,  the  risk  of  sudden  death  or 
natural  death  was  significant,  hut  the  risk  of  sudden 
explained  death  or  non-sudden  death  was  not.  The 
higher  relative  risks  found  among  all  recruits  were  due 
to  higher  rates  of  sudden  death  among  blac  k  re¬ 
cruits  without  hemoglobin  S  than  among  notiblaeks 
without  hemoglobin  S  (data  from  Table  I).  Death 
rates  per  100,000  among  recruits  without  hemoglobin 
S  were  1.2  sudden  unexplained  deaths,  1.2  sudden 
explained  deaths,  and  0.7  non-sudden  deaths  among 
blacks,  as  compared  with  0.7,  0.5,  and  1.1  among 
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Table  2.  Risk  of  Death  among  Recruits  with  and  without 
Hemoglobin  AS.* 
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nonblacks.  The  relative  risk  of  death  among  blacks  as 
compared  with  nonblacks  was  therefore  examined 
among  subjects  without  hemoglobin  S.  The  relative 
risks  of  sudden  unexplained  death,  sudden  explained 
death,  and  sudden  death  were  1.7.  2.4.  and  2.0,  re¬ 
spectively.  None  of  these  relative  risks  were  statistical¬ 
ly  significant  (95  percent  confidence  intervals.  0.5  to 
5.3,  0.6  to  8.2.  and  0.8  to  4.5).  The  relative  risk  of  non¬ 
sudden  death  was  0.7  (P  not  significant:  95  percent 
confidence  interval.  0.1  to  2.3). 

To  examine  the  sensitivity  of  the  relative  risks 
shown  in  fable  2  to  the  estimated  prevalence  of  hemo¬ 
globin  AS.  similar  calculations  were  made  that  as¬ 
sumed  an  improbably  high  prevalence  of  hemoglobin 
AS  among  both  the  black  and  nonblack  recruits.  If  12 
percent  of  black  recruits  had  hemoglobin  AS.  the  rela¬ 
tive  risks  of  sudden  unexplained  death,  sudden  death, 
and  natural  death  would  have  been  18.  9.5.  and  7.3. 
respectively.  These  risk  ratios  would  still  be  significant 
I  PCO.OOl 1.  with  corresponding  95  percent  confidence 
intervals  of  6  to  64.  I  to  24.  and  3  to  17.  If  0. 16  percent 
of  nonblack  recruits  had  hemoglobin  AS.  the  relative 
risk  of  death  in  subjects  with  hemoglobin  AS  among 
the  entire  recruit  population  would  decrease  by  only  > 
percent  in  each  of  the  categories  of 
death  shown  in  fable  2.  further¬ 
more.  the  absence  of  identified 
deaths  among  such  a  nonblack  pop¬ 
ulation  with  hemoglobin  AS,  con¬ 
sisting  of  2600  recruits,  would  not 
have  suggested  a  statistically  signif¬ 
icant  difference  in  risk  when  com¬ 
pared  with  the  deaths  in  the  black 
group  with  hemoglobin  AS.  which 
averaged  one  sudden  unexplained 
death  per  3200  recruits 

None  of  the  subjects  with  hemo¬ 
globin  AS  had  significant  elevations 
of  hemoglobin  A 2  or  hemoglobin  K, 
and  none  had  evidence  of  chronic 


hemolysis  or  sickle  cell  disease  on  examination  of 
the  spleen,  flic  fraction  of  hemoglobin  S  varied 
between  30  and  44  percent  in  the  12  recruits  with 
sudden  unexplained  death.  The  median  was  39  per¬ 
cent.  and  the  extremes  were  low  values  of  30.  35.  35. 
and  36  percent  and  high  values  of  41.5,  42,  42,  and  44 
percent. 

Table  3  summarizes  the  relation  of  age-specific 
rates  and  relative  risks  for  sudden  unexplained  death 
to  increasing  age  among  those  with  and  without  he¬ 
moglobin  AS.  Table  3  demonstrates  an  increasing 
trend  in  the  rate  of  sudden  unexplained  death  among 
recruits  with  hemoglobin  AS,  but  no  trend  in  the 
death  rate  w  ith  age  for  recruits  without  hemoglobin  S. 
The  trend  in  relative  risk  with  age  was  significant 
(P<0.04).i'1  Age-specific  rates  for  sudden  explained 
deaths  and  non-sudden  deaths  could  be  examined  for 
trends  onlv  among  the  recruits  without  hemoglobin 
S;  these  death  rates  showed  no  significant  trend 
with  age. 

Discussion 

We  have  identified  the  sickle-cell  trait  as  an  impor¬ 
tant  risk  factor  for  sudden  death  unexplained  by  prior 
disease,  by  estimating  the  rales  of  natur  d  death  in  a 
cohort  of  2.1  million  recruits  who  cn.ered  the  U.S. 
Armed  Forces  for  basic  training  during  the  period 
1977-1981.  The  risk  of  exertion-induced  sudden  unex¬ 
plained  death  was  28  to  40  times  higher  among  those 
with  hemoglobin  AS,  as  estimated  among  black  re¬ 
cruits  or  among  recruits  of  all  races,  respectively.  The 
risk  of  sudden  unexplained  death  attributable  to  he¬ 
moglobin  AS  among  black  recruits  was  31  deaths  per 
100,000.  Hemoglobin  AS  was  not  significantly  associ¬ 
ated  with  sudden  explained  or  non-sudden  deaths, 
file  risk  of  sudden  death  (both  explained  and  unex¬ 
plained)  among  the  subjects  without  hemoglobin  S 
was  approximately  twice  as  high  in  black  as  in  non¬ 
black  recruits.  Although  the  increase  in  the  risk  among 
black  recruits  was  not  statistically  significant,  it  is 
coriistent  with  findings  of  much  larger  national  mor- 
labtv  surveys  conducted  during  the  same  period, 
which  have  suggested  that  blacks  in  the  same  age 
range  as  that  of  the  recruits  had  higher  rates  of  nat¬ 
ural  death  than  whites.'"  The  number  of  nonblack  tr¬ 
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emits  with  hemoglobin  AS  was  too  small  to  provide  a 
reliable  estimate  of  risk  assoeiated  with  hemoglobin 
AS  in  this  group. 

Attempts  were  made  in  this  study  to  eliminate  po¬ 
tential  soutees  of  bias  by  ensuring  that  identification 
ol  eases  of  natural  death  was  complete  and  that  such 
v  ases  involved  onlv  recruits  in  basic  training,  that  clas¬ 
sifications  of  the  type  of  death  and  hemoglobin  pheno¬ 
ls  pe  were  accurate,  that  demographic  data  on  the  re¬ 
cruits  (numbers  according  to  race,  sex,  and  age)  were 
accurate,  and  that  conclusions  were  not  dependent  on 
unre.  ciably  low  estimates  of  the  prevalence  of  hc- 
mogha  AS.  Selection  bias  was  avoided  by  attempt¬ 
ing  to  identify  all  cases  of  deaths  of  recruits  with  use  of 
the  record  systems  maintained  separately  by  military 
hospitals,  personnel  branches,  and  Department  of  De¬ 
fense  organizations.  The  study  search  reviewed  a  larg¬ 
er  set  of  eases  than  the  actual  number  of  deaths  so  that 
rare  cases  would  not  be  overlooked  because  of  mis¬ 
diagnosis  at  autopsy,  delayed  entry,  high  rank,  trans¬ 
fer  out  of  the  local  hospital,  or  retirement  during  the 
terminal  illness.  To  ensure  that  cases  involved  the 
deaths  of  recruits  in  basic  training,  military  status  was 
not  inferred  from  medical  records  but  was  established 
by  military  personnel  records.  The  diagnosis  of  the 
sickle-cell  trail  and  its  distinction  from  sickle-cell 
tiisease  were  based  on  reliable  and  sensitive  labora¬ 
tory  and  histologic  criteria.  In  contrast  to  many  ret¬ 
rospective  studies  in  which  reliance  on  the  death 
certificate  alone  has  resulted  in  erroneous  diagno¬ 
sis."  the  present  -tudy  determined  the  manner  and 
cause  of  death  f>  om  full  autopsy  protocols,  includ¬ 
ing  biochemical  studies,  clinical  data,  and  contem¬ 
poraneous  critical  review  by  the  AF1P  staff.  Accu¬ 
rate  recognition  and  description  of  illness  of  sudden 
onset,  without  selection  bias,  would  be  expected 
because  recruits  are  constantly  under  observation 
and  evewilness  accounts  of  such  events  are  con¬ 
sistently  reported.  Moreover,  subclassification  of 
natural  deaths  was  not  essential  to  demonstrate  the 
risk  associated  with  the  sickle-cell  trait,  since  the 
relative  risk  of  natural  death  had  a  high  level  of  sig¬ 
nificance.  Precise  figures  lor  the  populations  at  risk 
were  obtained  from  contemporaneous  Department  of 
Del' -use  records  of  recruits  entering  the  services, 
flic  prevalence  of  hemoglobin  AS  was  not  meas¬ 
ured  m  this  study,  but  consistent  values  have  been 
observed  in  similar  populations,  including  military 
rec  ruits  (see  Methods).  The  relative  risks  of  death 
in  persons  with  hemoglobin  AS  remained  statisti- 
callv  significant  even  when  a  much  greater  preva¬ 
lence  than  has  been  reported  among  recruits  was 
assumed. 

All  of  the  12  cases  of  sudden  unexplained  death  in 
subjects  with  hemoglobin  AS  occurred  during  exer¬ 
tion.  These  cases  could  be  divided  into  deaths  present¬ 
ing  with  acute  cardiac  arrest  of  undefined  mecha¬ 
nism1  1,1  and  deaths  related  to  exertional  heal  stroke, 
heat  stress,  or  rhabdomyolysis.  file  data  were  insuffi¬ 
cient  to  test  whether  hemoglobin  AS  was  more  closely 
associated  with  any  specific  subset  of  sudden  unex¬ 


plained  deaths.  It  has  been  suggested  that  higher 
fractions  of  hemoglobin  S  would  be  an  important  risk 
factor  (or  complications  related  to  sickling,  since  rel¬ 
atively  many  affected  persons  have  hemoglobin  S 
fractions  above  42  percent  and  relatively  lew  have 
fractions  below  36  percent.1"’  ,  (  However,  diflerenees 
from  the  expected  distribution  of  hemoglobin  S  frac¬ 
tions  among  cases  with  complications  related  to  the 
sickle-cell  trait  appear  to  have  been  subtle.'  1 ' 

The  proportion  of  deaths  in  our  study  with  verv 
low  or  very  high  fractions  of  hemoglobin  S  was  not 
different  from  expected  values  in  healthy  persons  with 
the  sickle-cell  trait.1*1  ln  Although  the  metabolic 
changes  occurring  in  severe  cases  of  heat  stroke  or 
rhabdomyolysis  would  be  expected  to  provoke  polym¬ 
erization  of  hemoglobin  S.  which  in  theory  could  in¬ 
crease  mortality  by  causing  tissue  infarction.1'  ' '  1  * 
there  is  no  evidence  permitting  one  to  determine 
whether  the  association  between  sudden  unexplained 
death  and  the  sickle-cell  trait  is  a  direct  causal  rela¬ 
tion  or  an  indirect  one.  such  as  (for  example!  (In¬ 
consequences  of  some  unrecognized  genetic  variant 
linked  to  hemoglobin  S. 

There  was  a  significant  trend  with  age  in  the  rela¬ 
tive  risk  of  sudden  unexplained  death  in  subjects 
with  hemoglobin  AS.  because  the  risk-ratio  numera¬ 
tor  (the  rate  of  sudden  unexplained  death  among 
recruits  with  hemoglobin  AS)  increased  with  age 
while  the  risk-ratio  denominator  (the  rate  of  sud¬ 
den  unexplained  death  among  recruits  without  hemo¬ 
globin  S)  did  not  change  substantially  with  age  (Table 
3).  This  observation  is  potentially  important  since 
it  implies  that  the  pathogenesis  of  sudden  death  as¬ 
sociated  with  hemoglobin  AS  differs  from  that  of 
sudden  death  not  associated  with  hemoglobin  S.  This 
trend  in  relative  risk  was  consistent  with  data  on 
age  groups  varying  in  number  and  range,  subsets  de¬ 
fined  according  to  race  or  military  status  (regulat¬ 
or  reserve  forces),  and  categories  of  death  (sudden 
unexplained  deaths  or  all  sudden  deaths).  The  prin¬ 
cipal  limitation  of  this  analysis  was  llu  low  degree 
of  precision  of  dentil  rates  in  the  older  age  groups, 
which  were  relatively  small,  so  that  the  trend  in 
relative  risk  would  be  sensitive  to  the  movement 
of  a  few  deaths  between  the  higher  and  lower  age 
groups.  However,  the  age  distribution  of  thr  eight 
additional  published  cases  of  sudden  unexplained 
death  in  persons  with  hemoglobin  AS  among  recruits 
in  U  S.  military  basic  training  seems  consistent  with 
our  data.  <-*>.«. , o.  t  Although  only  approximately  23 
percent  of  all  recruits  were  older  than  20.  67  per¬ 
cent  (8  of  12)  of  our  subjects  with  hemoglobin  AS 
who  had  sudden  unexplained  deaths  and  63  percent  a 
of  8)  of  the  subjects  of  these  published  eases  wen- 
above  this  age. 

It  is  tempting  to  explain  the  age  dependence  ol  the 
risk  in  persons  with  hemoglobin  AS  as  a  consequence 
of  partial  hyposthenuria  (attributed  to  silent  ten.il 
papillary  necrosis),  because  this  concentrating  dele,  i 
progresses  with  age  and  is  observed  in  about  ,'!  >  pci 
cent  ol  men  in  the  age  range  of  recruits  1  '  Hem  o  ! 


in i:  m:\v  k.ndi.and  jotrxai.  or  mk.dk  ini. 


S'| ,1  1  i-iii; 


it  remains  to  he  shown  that  the  extra  fluid  loss  due  to 
the  defeet  would  he  elinieally  important.  Other  poten- 
tiallv  important  factors  that  could  increase  the  risk  of 
complications  of  sickling,  such  as  viral  infection  of  the 
upper  respiratory  tract  with  transient  hypoxia.1'  ele¬ 
vated  hematocrit,  and  transient  causes  of  dehydra¬ 
tion,  would  not  appear  to  explain  the  increasing  risk 
with  age. 

An  important  question  is  whether  the  excess  risk  of 
sudden  death  observed  during  basic  training  of  re¬ 
cruits  with  hemoglobin  AS  would  be  present  in  other 
populations  with  hemoglobin  AS.  such  as  young  men 
engaged  in  athletics,  heavy  labor,  or  advanced  mili- 
tarv  training.  Previous  studies  of  the  effect  of  the 
sickle-cell  trait  on  health  have  not  examined  suffici¬ 
ently  large  populations  to  detect  a  process  responsible 
for  a  death  rate  of  about  I  per  dOOO.-’1 
The  largest  studies  examined  only  approximately 
4000  enlisted  men  in  the  Navy  and  5000  hospitalized 
veterans. J1'  In  our  search  among  recruits  for  cases  of 
sudden  unexplained  death  in  persons  with  hemoglo¬ 
bin  AS.  we  were  struck  by  the  relatively  small  number 
of  cases  among  members  of  the  military  past  basic 
training,  but  vve  have  not  yet  determined  the  size  of 
the  population  base  searched.  Civilian  activities  are 
seldom  as  stressful  as  basic  military  training  with  re¬ 
spect  to  the  rapid  conditioning  of  poorly  developed 
muscle  groups,  the  severity  of  exposure  to  conditions 
causing  heat  stress  and  dehydration  during  exertion, 
and  the  frequency  and  duration  of  exertion. 

In  IPB'2.  responding  to  the  initial  collection  of  data 
lor  this  study,  the  Army  Medical  Corps  reminded  the 
commands  overseeing  recruit  training  about  the  po¬ 
tential  risk  associated  with  the  sickle-cell  trait  and 
stressed  the  importance  of  regulations  designed  to  re¬ 
duce  the  incidence  of  casualties  due  to  exertion;  these 
regulations  enforce  gradual  acclimatization,  gradual 
conditioning  for  each  type  of  activity,  maintenance  of 
hydration,  and  adjustment  of  activities  according  to 
the  climatic  conditions  at  the  training  site,  as  meas¬ 
ured  by  a  wet-bulb  thermometer.  Comparing  mortal¬ 
ity  rates  for  the  years  subsequent  to  1981  with  the 
titles  found  in  this  study  might  be  useful  in  assessing 
whether  the  excess  risk  of  deaths  during  training  asso¬ 
ciated  with  hemoglobin  AS  could  be  reduced  In  a 
rigorous  application  ol  such  regulations. 

U.  arc  milliard  to  fames  J  (i.uiik.  M.ij..  Hubert  K.  Me.Meekin. 

(  *»l  .  M  Bniee  Chase.  Cut..  M.C..,,uicl  in  the  pathologists  re¬ 
sponsible  lor  services  nr  military  recruits  lor  their  assistance  in 
<  nnrftii  ting  the  study ;  to  Hit  hard  Hoddrr.  M.l).. .John  I’.  Hrnnd.lge. 
Muj  .  M  (i..  tor  epidemiologic  advice;  to  Douglas  B.  Tang.  Hh.D.. 
and  Craig  R  Morriscitc  lor  statistical  analysis;  to  Samuel  K 
Martin.  Map.  M  C  .  Victor  \\\  Macdonald,  f’lt.l)..  and  Cecil  V 
links.  |t  .  (ot  preparation  ol  reports  from  data  bases  anil  for 
'ritual  romments;  and  to  Daniel  B.  Kimball.  Jr..  Col,  M.C  . 
lor  cm  otiragement. 
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